We reconstruct the interaction rate between the dark matter and the holographic dark energy with the parameterized equation of states and the future event horizon as the infrared cut-off length. It is shown that the observational constraints from the 192 SNIa and BAO measurement permit the negative interaction in the wide region. Moreover, the usual phenomenological descriptions can not describe the reconstructed interaction well for many cases. The other possible interaction is also discussed.
DM density ρ m , the coupling Q must be a function of densities multiplied by a quantity with units of inverse of time, which has an obvious choice as Hubble time H −1 . Thus, one may write the coupling as
which leads Q ≃ λ m Hρ m + λ d Hρ d from the first order terms in the power law expansion. Assuming that the ratio r = ρ m /ρ d might be piecewise constant, the linear parameters are usually set to λ m ≃ λ d and even λ m ≃ 0 or λ d ≃ 0 for simplicity. Considering the couplings are terms in the Lagrangian which mix both DE and DM, one may further suppose that they could be parameterized by some product of the densities of DE and DM, such as the simplest Q ≃ λρ m ρ d [13] . Besides these phenomenological descriptions, various proposals at the fundamental level have been tried to account for the coupling, including the dependence of the matter field on the scalar field [29] or expressing the cosmological constant as a function of the trace of the energy-momentum tensor [30] . Recently, an interesting thermodynamical description of interaction between holographic DE and DM has been proposed in [31] , where it was assumed that in the absence of the coupling the DE and DM remain in separate thermal equilibrium, then a small interaction can be viewed as a stable thermal fluctuation that brings a logarithmic correction to the equilibrium entropy of DE and DM. Other specific coupling which was assumed from the outset can be found in [12, 32, 33] . The main aim of this work is to reconstruct the coupling using the recent DE probes (the Baryon Acoustic Oscillation (BAO) measurement at z = 0.35 from the Sloan Digital Sky Survey [34] and the re-compiled 192 Type Ia Supernovae (SnIa) samples [35] , consisting 60 points from ESSENCE ("Equation of State: Supernovae trace Cosmic Expansion") supernova survey [36] , 57 points from Supernovae Legacy Survey [37] , 45 points nearby Supernovae [38] , and 30 points detected by the Hubble Space Telescope [39] ). We will focus on the holographic DE model and choose the future event horizon as the IR cutoff.
The model with the Hubble horizon has been studied recently in [40] and it was found that the reconstructed interaction is always positive in 1σ region. This seems to corroborate the recent argument that the negative interaction violates the second law of thermodynamics which inquires the energy transfer from DE to DM rather than otherwise [41] . However, it should be noticed that there are some problems in the thermodynamics of DE, such as the negative entropy [42] , and the generalized thermodynamical second law indeed breaks down in the universe with phantomdominated DE [43, 44] . These results suggest that one should consider the thermodynamical properties of DE with wide possibilities. Hence, it is interesting to see whether the positive interaction is a robust result for other models, such as the present model with the IR cutoff as the future event horizon.
Considering the time varying DE gives a better fit than a cosmological constant and in particular most of the observational probes indeed mildly favor dynamical DE crossing the phantom divide at z ∼ 0.2 [28] , we will employ two commonly used parameterizations [21, 45, 46, 47] , namely
which has been used in [40] , and
It should be noticed that the different parameterizations are beneficial to control some amount of parameterization dependence. After reconstructing the interaction, we will further compare it with the usual phenomenological models and the recent thermodynamical description.
II. RECONSTRUCTION
Let us begin with the Friedmann equations
where we have normalized 8πG = 1 for conventions. The total energy density ρ = ρ m + ρ d satisfies a conservation law. However, since we consider the interaction between DE and DM, ρ m and ρ d do not satisfy independent conservation laws, they instead satisfy two continuous equationṡ
where w d is the EoS of DE, and Q denotes the interaction term. Without loss of generality, we will write the interaction as Q = ρ d Γ, where Γ is an unknown function. Using the the ratio of energy densities r = ρ m /ρ d , we havė
from Eq. (5). From Eq. (6), we haveṙ
which can be recast asṙ
from Eq. (7). Eliminating the Γ in above two equations, we obtain
Until now, we have not specified the concrete DE density. We will focus on the holographic DE model. Followed [5] by choosing the future event horizon
as the IR cutoff, the holographic DE density is
E , where c 2 is a constant and the Planck mass has been taken as unit. The most possible theoretical value of c is one [5, 6] , indicating that the total energy from DE must be determined by the Schwarzschild relation. Taking the derivative with respect to t, the evolution of the horizon can be determined byṘ
2 , we have Ω d = 1/(1 + r) and R E = c √ 1 + r/H. Thus, Eq. (10) can be recast as
Obviously, r is not a constant in general. This is different with the case in [40] where r is a constant since the IR cutoff was chosen as being the Hubble scale. Replacing the time t as the redshift z = (1 − a) /a, we can rewrite Eq. (12) as
where the prime denotes the derivative with respect to z. Similarly, Eq. (8) reads
It is interesting to find that Eqs. (13) and (14) determine the evolvement of r and H, if we know the EoS w d . In the normal interacting DE model, one assumes the explicit interaction form to give out w d . For our aim, we will use the two commonly used parameterizations of w d to determine the dynamics of our model, and reconstruct the interaction rate Γ/3H from the recent observational datasets. We will use the re-compiled 192 SnIa samples (0 < z < 1.8) combined with the recent BAO measurement from SDSS to reconstruct the interaction rate. There are other DE observational probes, including the three-year WMAP CMB shift parameter, the X-ray gas mass fraction in clusters, the linear growth rate of perturbations at z = 0.15 as obtained from the 2dF galaxy redshift survey, and the look back age data. However, since the parameterizations of w d Eqs. (2) and (3) are motivated to accommodate the dynamically evolving behavior of crossing the phantom divide at recent epoch, and our model has not included the radiation and the baryonic matter which may be important in the early, we will not use the WMAP CMB shift parameter which focuses on the high redshift region. Besides, for simplicity, we do not adopt other probes of DE which have large relative errors compared with SnIa, CMB, and BAO probes [48] .
As usually, we will fix DM density parameter as Ω 0m = 0.3 or 0.25 to include the best-fit value of Ω 0m = 0.27 from 5-year WMAP data. In general, they are sufficiently representative. Moreover, it is convenient to compare our reconstructed interaction to the interaction reconstructed in [40] where these two DM density parameters are used. We will consider five indicative different values of the constant c near one. The best-fit values with 1σ error bars for the parameters w 0 and w 1 are given in [40] where the reconstructed interaction is always positive, and the argument that the second law of thermodynamics which imposes energy transfer from DE to DM [41] . If the second law is true, the permitted region of the interaction rates must be reduced, as done in [49] . However, for generality and considering the thermodynamical properties of DE is not clear, we will not restrict the interaction to be positive.
Moreover, the effective EoS w ef f = w d + Γ 3H can be obtained since we have known w d and reconstructed the Γ/3H. From TABLE I, II, and FIG. 4, 5 , one can know that the effective EoS may be bigger or smaller than −1 for different parameters Ω 0m and c. If one requires an effective phantom-like DE, the presence of a coupling makes the parameters have more possible values than the case of absence of a coupling, where the EoS is determined by
Moreover, it is possible to have effective EoS w ef f smaller than −1 but w d bigger than −1 when the interaction is negative. This suggests that the negative interaction is interesting because DE with w d > −1 is easily accepted (The scalar field with w d < −1 will break the zero energy condition.) and the effective EoS of DE w ef f < −1 can fit the cosmological data better.
III. COMPARISON
In the following, we will compare the reconstructed interaction rate with other descriptions. Let us begin with the usual phenomenological descriptions. Usually there are four different choices of Q i (i = 1, 2, 3, 4), which can be expressed as 3λHρ d , 3λHρ m , 3λH (ρ m + ρ d ), and λρ m ρ d , respectively. To compare them with the reconstructed interaction rate Γ/3H, we define four interaction rates R i = Q i / (3Hρ d ), which can be determined by r and H (which have been solved from Eqs. (13) and (14)), namely R 1 = λ, R 2 = λr, R 3 = λ(1+r), and R 4 = λHr/(1+r). Observing  FIG. 4 , the indicative curves of the usual interaction rates R i (i = 1, 2, 3, 4) show that in many cases they are not favored in 1σ region. For example, see the case of c = 1.2, where the interaction rates R 2 (green line) and R 3 (blue line) are permitted in 1σ region, but the other interaction rates R 1 (red line) and R 4 (yellow line) are not permitted whether λ increases or decreases. For the case c = 0.6, the reconstructed interaction rate changes at recent epoch 
